TISSUE culture techniques are invaluable for the study of biological processes at the cellular level and particularly so in the experimental study of human tumours which cannot easily be maintained after removal from the patient. Although a number of cell lines have been established from human tumours (Moore and Koike, 1964) following the establishment of the HeLa cell line from a carcinoma of cervix by Gey et al. (1952) , there are no readily available lines from human tumours of the urinary tract. Short term cultures of bladder tumours have been reported by Burrows et al. (1917), Bregman and Bregman (1961) and Walker et al. (1965) among others. Jones (1967) reported one cell line from a carcinoma of bladder which had been maintained for 20 months. Although the original cultures contained " epithelial " and " fibroblastic " cells, the " epithelial " elements died out, and the established line was considered to be of normal connective tissue origin.
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In order to study the cytological behaviour of urothelial neoplasms in vitro and in vivo, and their response to cytotoxic agents, a number of tumours were selected for tissue culture in an attempt to establish permanent cell lines with the characteristics of the parent neoplastic transitional epithelium.
MATERIAL AND METHODS
Cultures were prepared from cell suspensions or explants. Cell suspensions were prepared by mincing with crossed scalpels. The mince was then passed through a 20 gauge needle. In the more solid tumours, suspensions were prepared by trypsinization at 36 5°C., in fluted 250 ml. Erlenmeyer flasks. The trypsin (Tryptar, Almour) was used at a concentration of 500 units! ml. in Ca and Mg free phosphate buffered saline (Dulbecco and V7ogt, 1954) , with four parts by volume of solution to one part of minced tissue. The cell suspension was removed when the supernatant became turbid, and fresh trypsin was added. The first batch was removed after 2-3 minutes and discarded. Subsequent batches were pooled and resuspended in tissue culture medium. Approximately 800,000 cells in 2 ml. medium were distributed into Falcon plastic culture flasks.
Explant cultures were set up in similar plastic flasks or in 225 ml. Pyrex baby's feeding bottles, using ten explants (1-2 mm3) per culture vessel. The vessels were closed and left for 30 minutes at room temperature to allow the explants to attach before the medium was added.
Fragments of tumour were sometimes sandwiched between coverslips wlhich were then floated in test tubes (Therkelson, 1964) .
The mediutm used was Waymouth's (1959) with 20% foetal calf serum; 3 ml. for plastic flasks, 10 ml. for baby's bottles and 2 ml. for the test tubes. Streptomycin 100 ,ug. and penicillin 100 units/ml. were added to the medium in the primary cultures, but antibiotics were not used after the first week. In later cultures the foetal calf serum was replaced by 500 calf serum or 2.500 pooled human serum inactivated at 56°C. for 30 minutes.
All culture vessels were flushed with a gas mixture of 5Qo carbon dioxide in air; incubation was at 36 5°C. The plastic vessels were incubated in a humidified atmosphere of the same gas mixture. New cultures were examined by phase microscopy daily and twice a week after migration of cells was first observed, photographs being taken at appropriate intervals. Medium was changed twice a week for the first 3 weeks and usually once a week after this. In successful cultures, when a monolayer of cells covered the surface, the cells were removed by trypsinization, re-suspended in fresh medium and distributed to fresh vessels.
Chromosome patterns were assessed firstly in the original tissue by a direct method, then in the cultures as soon as the supply of cells permitted, and subsequently at every 5th to 10th generation. For direct preparations fresh tumour tissue was minced to a fine suspension in culture medium containing Colcemid (Ciba) 4,ug./ml.; the cells were incubated at 36*5°C. for 1 hour, removed to warm 0-950o sodium citrate for 20 minutes and fixed in acetic-methanol 1: 3. They were transferred to 4500 acetic acid, and then a few drops of the cell suspension were placed on ice-cold slides, which were dried over a low bunsen flame. In the culture preparations Colcemid 0.4[zg./ml. was added to the medium 12 to 3 hours before " harvesting ". It was found that different types of cells varied in their reaction to Colcemid; the more fibroblast-like the cells, the longer the exhibition to Colcemid required before sufficient numbers of cells in metaphase were present; on the other hand, metaphase chromosomes in epithelial cultures tended to be unduly condensed and short if Colcemid treatment was longer than 1 2 hours. Th-e cells were harvested by trypsinization for 5 minutes, which was sufficient time to free cells in mitosis and reduced the hazard of damage to chromosomes by trypsin. They were next submitted to hypotonic shock in warm 0-025M potassium chloride for 5 minutes and fixed in acetic-methanol 1: 3 (Hungerford, 1965) . Slides were prepared by the air-drying method of Rothfels and Siminovitch (1958) , and stained by 10% lacto-acetic-orcein. Suitable consecutive and unbroken metaphase spreads were counted using phase microscopy. At every 10th transfer-generation the chromosomes in 100 metaphases were counted, and in most instances at least 50 were photographed for counting from projected negatives or prints. Between 10 to 30 of these metaphases were also karyotyped.
Cells for electron microscopy were removed from the culture vessels mechanically or by trypsinization. The cell suspensions were fixed for 20 minutes in 2.5% glutaraldehyde in 0-iM sodium cacodylate buffer pH 7-1 at room temperature, spun into a pellet and rinsed overnight in 0-IM sodium cacodylate buffer at 40 C. Hand-chopped pellets were postfixed for 1 hour in Palade's fluid over ice, dehydrated in graded ethyl alcohols, stained with 5 % uranyl acetate in absolute alcohol, and embedded in Araldite, using epoxypropane as transitional solvent. Sections cut on a Sorvall MT-2 ultramicrotome were picked up on copper grids, stained with Reynolds' lead citrate (Reynolds, 1963) 
RESULTS
Specimens were cultured from 18 bladder carcinomas of different clinical stages and histological gradings. No cultures were permanently established from cell suspensions. Although there was an initial outgrowth of " epithelial " and "fibroblastic " cells from most explants the cells eventually became detached and failed to grow in all but four cases. Three of these were maintained for seven transfer generations but each of these had a fibroblastic morphology and a normal diploid karyotype. The fourth has been maintained in continuous culture. The tissue for this culture came from a man aged 63 years. A bladder carcinoma had been diagnosed 2 years previously, at which time the tumour was already large and was treated by open excision and insertion of gold grains. Recurrence after 10 months led to diathermy treatment and 4 months later a total cystectomy. Numerous papillary tumours were apparent in the bladder, and the histological appearance of the tissue taken for culture was of a differentiated transitional cell carcinoma ( Fig. 1 ) with papillary and solid areas; there was superficial invasion of the muscle wall. Successful cultures were initiated from explants in Falcon flasks. Migration of cells was first seen after 14 days, and in the next 14 days there was sufficient growth to allow trypsinization and division of the cells into two new flasks. At this stage growth became slow, many of the cells becoming vacuolated and detached; over the next four transfer generations only a limited number of cells survived. But from the fifth generation onwards the culture became stable, and weekly subcultures dividing the cells into three parts became standard practice. The cells could then be grown on plastic or glass surfaces. The serum supplement was changed to 5% calf serum. The cells are now routinely maintained in 225 ml. Pyrex baby's bottles and are transferred weekly using inoculum of 2 x 105 cells to each bottle. A separate subline was established in medium containing 2.5% pooled inactivated human serum instead of calf serum.
Average doubling time for the cells on 5% calf serum was 1-75 days, and for the cells grown in the presence of human serum was 2-90 days (Riddle, 1970 (Fig. 2) . In the succeeding cultures they have been completely epithelial in type and have maintained a consistent pattern (Fig. 3 and 4) which closely resembles that of the original tumour. Most of the cells in cultures in calf serum were large and polygonal with well defined margins. In fixed preparations intercellular bridges resembling those in epidermal prickle cells could be seen. The nuclei were usually rounded and uniform in size but there were occasional large and or indented nuclei. The nucleoli were large and usually single. The cytoplasm was foamy and glycogen granules could be demonstrated in many cells by Best's carmine stain. (Glycogen is found in many bladder carcinomas.) A few cells contained fat droplets. Where cell clumps had formed the superficial cells were flattened ( Fig. 5 and 6 ) and resembled the superficial cells of normal transitional epithelium. In medium containing 2.5% human serum the cells formed small rounded clumps of closely packed cells (Fig. 7) loosely attached to the surface or floating free in plastic flasks, a similar finding to that reported by Saxen and Penttinen (1965) . However, after ten generations in the presence of human serum, the cells assumed a monolayer appearance in Falcon flasks indistinguishable from that of the main cell line, although the cells remain clumped and poorly attached when grown on glass.
The ultrastructure of the cells is illustrated in Fig. 9 to 16. The cells showed many of the features described in normal urinary epithelium (Battifora et al., 1964; Hicks, 1965) and in human bladder tumours (Battifora et al., 1965) . The majority of the cells had irregular ovoid nuclei and resembled basal and intermediate cells but occasional cells particularly at the periphery of a cell clump had rounded nuclei and resembled superficial cells ( Fig. 9 and 10 ). Microvilli were present on many cells but some surfaces of the cells were in close apposition, forming close junctions (Martinez-Palomo et al., 1969) , where the cell membranes ran parallel to each other but were separated by a space of 150-200 A. At the ends of these junctions one or more areas resembling intermediate junctions or adhesion plaques (Farquhar and Palade, 1963; Pannese, 1968) were often found ( Fig. 11-15 ). The fine structure of these junctions varied in the concentration of electron dense material associated with the inner leaflet of the plasma membrane. Some were associated with cytoplasmic filaments but true desmosomes and tight junctions were not seen. The cells did not have the asymmetrical plasma membrane described in some transitional epithelial cells in the rat (Hicks, 1965) . The nuclei contained occasional nuclear bodies (Bouteille et al., 1967 ) and the nucleoli were complex. The cytoplasm in many cells was packed with large and small glycogen aggregates (Fig. 16) , many of which surrounded condensed membranous material. The mitochondria showed considerable variation in shape, size and matrix density. Free ribosomes were present but rough endoplasmic reticulum was rare. A prominent Golgi zone was present in most cells and there were many large and small round cytoplasmic vesicles, but no angular vesicles (Rhodin, 1963) . Microtubules and bundles of tonofilaments (Fig. 16) were present in many cells but lysosomes and multivesicular bodies were uncommon.
Transplantation
Cells from the sixth and seventh transfer generations were used for heterotransplantation. Tumour nodules developed in 3 of 15 hamsters inoculated, after 21, 40 and 259 days respectively. Histologically the tumours resembled the primary tumour (Fig. 8) Cytoplasmic filaments are present in some. All x 75,000. number showed some variation in the different chromosome groups but 60% adhered to a pattern in which there was an extra chromosome in Group C and another in Group D (Fig. 17) (Burrows et al., 1917; Bregman and Bregman, 1961; Jones, 1967) . Of the 18 tumours we have cultured only one has been successfully maintained. There is no obvious reason why this particular tumour should have been capable of in vitro growth. Nine tumours were from total cystectomy specimens, six from partial cystectomies, one from open resection and two from perurethral resection. The four which were grown for more than one transfer generation were from partial or total cystectomies in which there was tumour invasion of the lamina propria or muscle wall; the histological appearances varied from moderately differentiated to anaplastic. The failure in three of these was probably due to an early overgrowth of " fibroblasts ".
The one successful culture maintains, after 80 generations, a remarkable consistency in morphology and chromosome pattern. As seen by light and electron microscopy, the cultured cells closely resemble transitional epithelium, and their malignant character has been demonstrated by growth after heterotransplantation to the cheek pouches of cortisone conditioned hamsters. Lamb (1967) analysed the chromosome counts in fresh tissue from a number of bladder tumours and found that the majority of counts tended to be in the near diploid range in well differentiated and non-invasive tumours. Cooper et al. (1969) , from microspectrophotometric measurements of the DNA in interphase nuclei, noted a tendency towards diploid and hyperdiploid modal values in the majority of cells from well differentiated tumours. Similarly a near diploid modal chromosome number is present in our cell line derived from a differentiated tumour. The spread of chromosome numbers above and below a modal number is usually reported in connection with solid tumours and in cell lines cultured from them, as is also the presence of some cells with metaphase chromosome complements in higher ranges (Chu, 1962; Makino et al., 1964; Miles, 1967) . Ishihara et al. (1962) found that cells with near triploid modes tended to survive in long-term culture, although hypodiploid (Auersberg, 1964) and diploid (Moore and Sandberg, 1964) cell lines have also been reported to do so. Chromosomal abnormalities of structure as well as of number have been a feature of most of the human solid tumours reported (Makino et al., 1964; Hughes, 1965; Atkin and Baker, 1966) . Cooper et al. (1969) examined the karyotypes from 30 bladder tumours, finding atypical chromosomes as well as abnormal karyotypes in each. Marker chromosomes were not a prominent feature of our cell line.
Although there have been two reports (Peng et al., 1963; Burt et al., 1966) on the maintenance of human bladder tumour cells in hamsters after heterotransplantation attempts to establish a permanently transplantable line appears to have failed so far. The tissue culture cell line we have described is now well established, the morphology and growth pattern is constant, and its use in the study of bladder cancer will be invaluable. It is currently being used in an investigation into the growth promoting factors in human serum from patients with bladder cancer, at varying stages of the disease and will be used in a study of the effects of cytotoxic drugs.
